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CLAIMS 

[Claim(s)] 

[Claim 1]A manufacturing method of barium titanate which consists of 
the following process. 

(b) The 1st process of heating barium oxalate titanyl 4 hydrate by 
oxygen environment. 

(**) The 2nd process of heating under decompression output acquired 
by the 1 st process of the above. 

[Claim 2] In a manufacturing method of the barium titanate according to 
claim 1, cooking temperature of the 1st process is in the range of 300- 
500 **, and cooking temperature of the 2nd process is in the range of 
550-800 **. 

[Claim 3]In a manufacturing method of the barium titanate according to 
claim 1, cooking temperature of the 1st process is in the range of 360- 
400 **, and cooking temperature of the 2nd process is in the range of 
600-720 **. 

[Claim 4] In a manufacturing method of the barium titanate according to 
claim 2 or 3, oxygen is passed at the 1st process and it decompresses 
-3 

below to 10 Torr at the 2nd process. 

[Claim 5] In a manufacturing method of the barium titanate according to 
claim 4, the range of 1 to 5 hours has heating of the 1st process, and 
the range of 0.5 to 5 hours has heating of the 2nd process. 
[Claim 6]In a manufacturing method of the barium titanate according to 
claim 5, mean particle diameter of output acquired by the 2nd process is 
in the range of 10-100 nm. 

[Claim 7]In a manufacturing method of the barium titanate according to 
claim 6, Ba/Ti of output acquired by the 2nd process is in the range of 
0.98-1.02. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the manufacturing 

method of barium titan ate. 

[0002] 

[Description of the Prior Art] Although the barium titanate particles 
which serve as a raw material of a multilayer ceramic capacitor or an 
electron device until now have been produced by the following methods, 
while microatomization of a raw material will progress in the future, they 
have a problem. 

[0003] First, a solid phase technique produces barium titanate particles 
by carrying out weighing of titanium oxide and the barium carbonate, and 
heat-treating them at a not less than 1000 ** elevated temperature. 
Although particles without an impurity or a defect are obtained by this 
method, in order to make it react at an elevated temperature, it 
becomes a coarse particle whose particle diameter is about several 
micrometers, and there is a problem of being unsuitable in generation of 
particles. 

[0004] Next, in order to grow up a liquid phase process in a solution from 
Ba, Ti ion, etc., control of the particle diameter of barium titanate 
particles is easy for it from several nanometers to several 100 nm. 
However, as for impurities, such as a hydroxyl group (OH) in a solution, 
and hydrocarbon, in being incorporated in a crystal, and the obtained 
Ba/Ti ratio of particles, Ba ion certainly runs short during generation of 
barium titanate particles, and they have the problem that defective 
concentration becomes high. Therefore, when these particles are used 
as the raw material of an electron device, the organization which had 
many caves in particles cannot generate, and a good electrical property 
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cannot be acquired. 

[0005] Next, the usual thermal decomposition method of barium oxalate 
titanyl produces barium titanate particles by carrying out the pyrolysis 
of the barium oxalate titanyl in the air. By this method, the heat 
treatment temperature of not less than 850 ** is needed for 
compounding barium titanate particles. By this method, although barium 
titanate particles without the impurity which is the feature of a solid 
phase technique, or a defect are obtained, that particle diameter has the 
problem that the particles below this particle diameter are unproducible 
in order to grow to at least 1 50 nm. Therefore, the actual condition is 
that development of the technique of compounding the barium titanate 
particles which have the particle diameter of 100 nm or less, and have 
neither an impurity nor a defect is expected. 
[0006] 

[Problem(s) to be Solved by the Invention]As mentioned above, in the 
pyrolysis in the inside of the usual air, since it goes via barium carbonate 
and titanium oxide as intermediate reaction material, it becomes a 
problem that a not less than 850 ** elevated temperature is needed. 
Therefore, it is required to establish the synthetic method of the barium 
titanate particles which do not go via barium carbonate and titanium 
oxide as intermediate reaction material. 

[0007]Therefore, improve the thermal decomposition method of the 
barium oxalate titanyl which can compound barium titanate particles 
without an impurity or a defect in the conventional synthetic method, it 
is made to develop further, and it seems that it is necessary to examine 
how to compound a 1 0-1 00-nm barium titanate particle. 
[0008]This invention is made in view of such a technical problem, and is 
a thing. 

The purpose is to provide the manufacturing method of the barium 
titanate particles which have ****** or cubic structure which has the 
following particle diameter and has neither an impurity nor a defect. 



[0009] 

[Means for Solving the Problem]A manufacturing method of barium 
titanate of this invention is the method of consisting of the following 
process, (b) The 1 st process of heating barium oxalate titanyl 4 hydrate 
by oxygen environment. (**) The 2nd process of heating under 
decompression output acquired by the 1 st process of the above. 
[0010]Here, in a manufacturing method of above-mentioned barium 
titanate, cooking temperature of the 1 st process may be in the range of 
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300-500 **, and cooking temperature of the 2nd process may be in the 
range of 550-800 **. In a manufacturing method of above-mentioned 
barium titanate, cooking temperature of the 1st process may be in the 
range of 360-400 **, and cooking temperature of the 2nd process may 
be in the range of 600-720 **. 

[001 1]In a manufacturing method of above-mentioned barium titanate, 

oxygen may be passed at the 1st process and it may decompress below 
-3 

to 10 Torr at the 2nd process. In a manufacturing method of above- 
mentioned barium titanate, the range of 1 to 5 hours may have heating 
of the 1st process, and the range of 0.5 to 5 hours may have heating of 
the 2nd process. In a manufacturing method of above-mentioned barium 
titanate, mean particle diameter of output acquired by the 2nd process 
may be in the range of 10-100 nm. In a manufacturing method of above- 
mentioned barium titanate, Ba/Ti of output acquired by the 2nd process 
may be in the range of 0.98-1.02. 
[0012] 

[Embodiment of the Invention] Hereafter, the embodiment of the 
invention concerning the manufacturing method of barium titanate is 
described. 

[001 3] It turns out that particle diameter will not become large but 
detailed barium titanate particles will be obtained by the research before 
us if a pyro lysis is carried out exhausting barium oxalate titanyl in a 
vacuum. However, the obtained barium titanate takes ****** useful as 
an electronic industry material, or not a cubic but hexagonal structure. 
Barium titanate of hexagonal structure was not useful as an electronic 
industry material, for this reason, hexagonal generation was controlled, 
and it became a problem how the barium titanate particles of ****** or 
cubic structure can be obtained. 

[0014]Then, when it investigates about a hexagonal mechanism of 
production, it has turned out that oxygen is drawn out too much in the 
case of desorption of the carbon compounds by the pyrolysis in the 
inside of a vacuum, the defect which it is returned to trivalent and the 
valence of titanium generates from the usual tetravalence as a result is 
made into a starting point, and hexagonal structure generates. Then, the 
thing for which the defective generation by valence change of titanium is 
controlled by changing into the state where a lot of oxygen is in 
atmosphere in the case of desorption by the pyrolysis of carbon 
compounds in order not to make a defect generate, And it exhausted, 
when the pyrolysis was completed, and it examined obtaining the 
detailed barium titanate particles of ****** or cubic structure by heat- 
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treating in a vacuum. 

[00T5]The manufacturing method of barium titanate of this invention 
consists of the 1 st process shown below and the 2nd process. 
[001 6] First, the 1st process is explained. The 1st process is a process 
of heating barium oxalate titanyl 4 hydrate (it calls BaTiO (G^O^) and 4H 

^O, and the following "oxalate hydrate") by oxygen environment. The 

raw material used for the 1st process is not necessarily limited to an 
above-mentioned oxalate hydrate. In addition to this, the raw material 
used for the 1 st process can mention the mixture of barium and a 
titanium alkoxide, etc. 

[001 7] In the 1st process, in order to use oxygen environment, oxygen is 
passed. Here, as for the flow of oxygen, it is desirable to use 50-600-ml 
the range for /. It is because there is an advantage that oxidation is fully 
performed when the flow of oxygen is carried out within the limits of 
this. 

[00 18] Next, the temperature conditions in the 1 st process are explained, 
raising temperature at the rate of predetermined in the 1st process — 
time maintenance predetermined at a predetermined temperature after 
that — it carries out. And temperature is dropped at the rate of 
predetermined. Here, as for a heating rate, it is desirable that it is in 1- 
10 ** the range for /. It is because there is an advantage that oxidation 
is fully performed when a heating rate is carried out within the limits of 
this. 

[001 9] When maintaining to a predetermined temperature after 
temperature up, it is desirable that it is in the range in which this 
cooking temperature is 300-500 **, and it is still more desirable that it 
is in the range whose cooking temperature is 360-400 **. It is because 
there is an advantage that crystallization of barium carbonate can be 
controlled when cooking temperature is carried out within the limits of 
this. 

[0020]As for cooking time, when maintaining to a predetermined 
temperature, it is desirable that it is in the range of 1 to 5 hours. It is 
because there is an advantage that can control crystallization of barium 
carbonate and oxidation is fully performed when cooking time is carried 
out within the limits of this. 

[0021] After maintaining to a predetermined temperature, temperature is 
dropped at the rate of predetermined. Here, as for a temperature falling 
speed, it is desirable to use 1-10 ** the range for /. It is because there 
is an advantage that crystallization of barium carbonate can be 
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controlled when a temperature falling speed is carried out within the 
limits of this. 

[0022] Below, the 2nd process is explained. The 2nd process is a process 
of heating under decompression the output acquired by the 1 st above- 

-3 

mentioned process. It is desirable to decompress below to 10 Torr in 
the 2nd process. It is because there is an advantage that the 
decomposition temperature of barium carbonate can be fallen when a 
degree of vacuum is carried out within the limits of this. 
[0023] Next, the temperature conditions in the 2nd process are 
explained, raising temperature at the rate of predetermined in the 2nd 
process — time maintenance predetermined at a predetermined 
temperature after that — it carries out. And temperature is dropped. 
Here, as for a heating rate, it is desirable to use 1-10 ** the range for /. 
It is because there is an advantage that the decomposition temperature 
of barium carbonate can be fallen when a heating rate is carried out 
within the limits of this. 

[0024] When maintaining to a predetermined temperature after 
temperature up, it is desirable that it is in the range whose cooking 
temperature is 550-800 **, and it is still more desirable that it is in the 
range whose cooking temperature is 600-720 **. It is because there is 
an advantage that the barium titanate particles of nm size can be 
obtained when cooking temperature is carried out within the limits of 
this. 

[0025] As for cooking time, when maintaining to a predetermined 
temperature, it is desirable that it is in the range of 0.5 to 5 hours. It is 
because there is an advantage that the barium titanate particles of nm 
size can be obtained when cooking time is carried out within the limits of 
this. 

[0026]Temperature is dropped after maintaining to a predetermined 
temperature. Here, methods of dropping temperature include two, or 
[ whether it quenches or / making it descend at the rate of 
predetermined ]. It quenches because there is an advantage of 
controlling increase of the particle diameter of barium titanate particles. 
[0027]When dropping temperature at the rate of predetermined, it is 
desirable to make a temperature falling speed into 1-10 ** the range 
for /. It is because there is an advantage that precise control of the 
particle diameter of barium titanate particles is attained when a 
temperature falling speed is carried out within the limits of this. 
[0028] Below, the output acquired by the 2nd process is explained. The 
mean particle diameter of the output acquired by the 2nd process is in 
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the range of 10-100 nm. If mean particle diameter is within the limits of 
this, it can sinter at a temperature lower about hundreds degrees than 
the usual particle diameter of not less than 1000 nm. Or there is an 
advantage that it can be used as a raw material of a multilayer ceramic 
capacitor. 

[00 2 9] The Ba/Ti ratio of the output acquired by the 2nd process is in 
the range of 0.98-1.02. When Ba/Ti is within the limits of this, there is 
an advantage that the performance as an original dielectric can be 
demonstrated. 

[0030] In an above-mentioned embodiment, in the 1st process and 2nd 
process, independently, although temperature up, prescribed 
temperature maintenance, and a temperature fall were performed, the 
method of heating is not necessarily limited to this, respectively. In 
addition, the method of carrying out temperature up to the temperature 
which should be maintained at the 2nd process, maintaining to a 
predetermined temperature, changing atmosphere, after carrying out 
temperature up at the 1st process and maintaining to a predetermined 
temperature, and lowering after that is also employable. 
[0031] As for this invention, it is needless to say that various 
composition can be taken in addition to this, without deviating from the 
gist of not only an above-mentioned embodiment but this invention. 
[0032] 

[ExamplejNext, the example concerning this invention is described 
concretely. However, as for this invention, it is needless to say that it is 
not what is limited to these examples. Here, production of the particles 
by 2 process heating method is explained. 

[0033] In this example, in order to produce BaTiO particles with 2 

3 

process heating method, the following devices were produced. That is, in 
this device, piping for letting gas pass was carried out to the lid of the 
sample chamber. The thermo couple was attached to the sample 
chamber so that the temperature of a sample could be measured. 
[0034] In the 1st process, the flow of oxygen was adjusted with the flow 
instrument, and an exit is wide opened in the atmosphere and maintained 
the sample chamber at atmospheric pressure. At the 2nd process, it 
exhausted with the vacuum pump and the pressure was checked with 
the PIRANI gauge. 

[0035] First, the 1st process is explained. The purpose here is to 
investigate the substance generated by heat treatment in oxygen in the 
1st process. First, an experimental method is explained. In the 1 st 
process, the commercial thing (trade name: HPBTO-1, product made 
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from Fuji Titanium) was used as an oxalate hydrate. This oxalate hydrate 
is 99.8 % of the weight in purity. 

[0036] First, weighing of the oxalate hydrate was carried out, it put in to 
the platinum crucible, and a proper quantity of quartz glass wool was 
packed. This was heat-treated passing oxygen with an electric furnace. 
Temperature up and a temperature fall were performed by a part for 10 
**/, and it held for 1 hour. The retention temperature of heat treatment 
and the conditions of the oxygen flow rate were summarized in Table 1. 
[0037] 



[Table 1] 





mm 


mmmm <mi sm 




CD 


5 0 


3 6 5 °C 


(2) 


5 0 


4 0 0t 


(3) 


1 0 0 


4 0 0TC 



[0038] The conditions (2) and (3) compared the difference according the 
difference arising from change of retention temperature to an oxygen 
flow rate at the conditions (1) and (2). After heating, after returning to 
the room temperature, weighing was carried out, and it asked for the 
mass change before and behind heating. 

[0039] First, comparison by retention temperature is performed. What 
calculated mass change was summarized in Table 2. 
[0040] 
[Table 2] 





wim (g) 


(g) 


M* (g) 


MM (.%) 


CD 


3. 0072 


1. 9981 


1.0091 


33.556 


(2 ) 


3.0079 


1. 9727 


1 0352 


34. 416 



[0041 ]When it took notice of loss in quantity (%), loss in quantity had 
(more 2) with a high temperature than (1 ). moreover — becoming 
36.020% when loss in quantity when it assumes that the oxalate hydrate 
decomposed into TiO and BaCO of equimolar thoroughly is calculated 

— about [ of this heat treatment / loss in quantity and ] — I did one. 
From this, it was thought that the presentation of the sample heat- 
treated in oxygen was the same as TiO^ of equimolar and the mixture of 

BaCOg. 

[0042] Next, comparison by an oxygen flow rate was performed. What 
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calculated mass change was summarized in Table 3. 

[0043] 

[Table 3] 





M&Wl <sr) 


aalMft <g) 


mt is) 


mm. m> 


(2 ) 


3.0079 


1. 9727 


1.0352 


34. 416 


(3 ) 


3. 0005 


1.9633 


1.0372 


34.568 



[0044] When it took notice of loss in quantity (%), loss in quantity had 
more slightly than (2) (much 3) with many oxygen flow rates, the loss in 
quantity after 36.020% which is loss in quantity when it assumes that the 
oxalate hydrate decomposed (3) into TiO and BaCO of equimolar 

thoroughly, and heat treatment — about - — I did one. From this, it was 
thought that the presentation of the sample heat-treated in oxygen was 
the same as TiO^ of equimolar and the mixture of BaCO^. 

[0045] Next, in order to investigate structure, XRD and RAMAN 
estimated the sample of (3). The measurement result of XRD of the 
sample heat-treated on conditions (3) is shown in drawing 1 . It turned 
out that a XRD chart is not the structure which the very broadcloth 
peak was observed and was orderly. 

[0046] Since a crystal structure was not observed from XRD, in order to 
investigate the structure in the still more detailed range, evaluation by 
RAMAN spectroscopy was performed. Only the sample produced on 
condition of (3) performed this evaluation. The RAMAN measurement 
result of the sample heat-treated on conditions (3) is shown in drawing 
2. It turned out that only a line like the lap of a broadcloth peak is seen 
from a RAMAN spectrum, and it does not have an orderly structure in 
the detailed range. 

[0047] When the above was summarized, in heat treatment in oxygen of 
the 1st process, it turned out that AMORUFASU of the same 
presentation as TiO^ of equimolar and the mixture of BaCO^ generates. 

[0048] Below, the 2nd process is explained. The purpose here is to 
investigate the substance generated by heat treatment in a vacuum in 
the 2nd process. 

[0049]An experimental method is explained. The sample heat-treated by 
-400 ** and, and 1-hour maintenance) by 100 ml of condition (3) 
(oxygen flow rate/ produced at the 1st above-mentioned process was 
used. First, weighing of the sample was carried out, it put into the 
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platinum crucible, and a proper quantity of silica wool was packed. After 
performing preliminary exhaust air, heating by an electric furnace was 
performed. Temperature up was performed by a part for 10 **/. The 
retention temperature of heat treatment and the conditions of retention 
time were summarized in Table 4. 
[0050] 
[Table 4] 





mm 


«l#Bf|lfl Ch) 




CI) 


6 0 0 V 


1 


1 OV/ft 


C2> 


6 2 OV 


0. 5 


&® 


C3) 


6 8 0 °C 


0. 5 




C4) 


7 2 0 -C 


0. 5 





[0051](2) - (4) compared the difference according the difference arising 
from cooling conditions to retention temperature at (1) and (2). After 
heating, after returning to the room temperature, weighing was carried 
out, and it asked for mass change. All performed evaluation by XRD. 
[0052] First, comparison by cooling conditions was performed. Powder 
with white all was obtained. Mass change of (1) and (2) was summarized 
in Table 5. 



[0053] 
[Table 5] 





tiU&Wl Cff) 


Uam& Cg) 


mm <g) 


mm (%) 


CD 


0.4997 


0.4090 


0. 0970 


18. 2 


C2) 


0. 5023 


0. 4376 


0. 0647 


12.6 



[0054] When it took notice of loss in quantity (%), loss in quantity had 
(more 1) with long retention time, moreover — mass change is 1 5.9% 
when it assumes that the reaction (formula 1) which BaTiO generates 

from the equimolar mixture of TiO and BaCO progressed thoroughly - 

- loss in quantity of two samples — about [ this and ] — I did one. From 
this, it turned out that BaTiO is generating each. 

O 

Ti0 2 +BaC0 3 ->BaTi0 3 +C0 2 (**) ... (formula 1) 

[0055]The XRD measurement result of the sample heat-treated on the 
conditions (1 ) and (2) to drawing 3 - 4 is shown. From any XRD chart, 
the peak peculiar to cubic BaTiO and hexagonal BaTiO near [ very 
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broadcloth / the 2nd phase ] 26 degree and near 41 degree has been 
checked to the 1st phase. This showed that BaTiO was generating 

both. 

[0056] Next, the crystallite diameter was calculated from the half peak 

width of the cubic (1 1 1) peak (38 degrees - 40 degrees) of these XRD 

charts. The formula 2 was used for calculation of a crystallite diameter. 

Dhkl=(Klambda)/(betacostheta) ... (formula 2) 

Crystallite size (m) vertical to Dhkl: (hkl) here 

K: Constant 0.9 lambda: Wavelength (m) of X-rays 

beta: Half peak width (rad) 

theta: Angle of diffraction (rad) 

[0057] Half peak width, and it asked for it from the Gaussian curve. [ the 
peak part (38 degrees - 40 degrees) of the XRD measurement result ] 
[ the gauss function ] The half peak width beta amended the optical 
system. The powder of the SrTiO single crystal was used for the 

standard sample with the external standard method. A correction 

formula is shown in the formula 3. 

Beta=B-b ... (formula 3) 

It is here and is beta:correction value (rad). 

B: Measured value of a sample (rad) 

b: Measured value of a standard sample (rad) 

The calculation result of the crystallite diameter was summarized in 
Table 6. 
[0058] 
[Table 6] 





A (run) 


/S CIO - rad) 


mm c° ) 


DuiCna) 


CI) 


0.1541 


a 025 


19.33 


18.31 


(2) 


0. 1542 


8.832 


19.33 


16. 64 



[0059]When the crystallite diameter Dhkl was observed, it turned out 
that the direction of (2) has a detailed crystallite diameter and it is said 
that (2) with short retention time can produce detailed BaTiO^ particles. 

This was considered because it does not exist in the temperature region 
which carries out nuclear growth for a long time. 
[0060] Next, comparison by retention temperature was performed. 
Powder with white all was obtained. Mass change of conditions (2), (3), 
and (4) was summarized in Table 7. 
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[0061] 
[Table 7] 



mm- 


SDlftBtf is) 


Mim. <_:) 


mm ( s ) 


mm tm 


02) 


a 5023 


0. 4376 


0. 0647 


12.6 


C3) 


0.5045 


0. 4398 


0.0656 


13.0 


C4) 


0.5027 


0.4364 


0. 0663 


13.2 



[0062] It turned out that there is slightly so much loss in quantity that 
retention temperature is high when it takes notice of loss in quantity (%). 
moreover — mass change is 1 5.9% when it assumes that the reaction 
which BaTiO generates from the equimolar mixture of TiO and BaCO 

progressed thoroughly — loss in quantity of three samples — about 

[ this and ] — I did one. From this, BaTiO was generating each, and it 

3 

was thought that the reaction was progressing, so that retention 
temperature was high. 

[0063]The XRD measurement result of the sample heat-treated by 
condition (2) - (4) to drawing 4 ~ 6 is shown. From any XRD chart, the 
peak peculiar to cubic BaTiO,. and hexagonal BaTiO,. near [ very 

broadcloth / the 2nd phase ] 26 degree and near 41 degree has been 
checked to the 1st phase. The hexagonal peak shows the tendency 
which becomes broadcloth, so that retention temperature is high, and 
hexagonal removal found that it was effective to make retention 
temperature high. 

[0064] Next, the crystallite diameter was calculated from the half peak 
width of the cubic (1 1 1) peak (38 degrees - 40 degrees) of these XRD 
charts. The formula 2 and the formula 3 were used for calculation of a 
crystallite diameter. The calculation result of the crystallite diameter 
was summarized in Table 8. 
[0065] 

[Table 8] i 



mm 


X (ran) 


£ CIO 'rad) 


mm c ) 


DinCao) 


(2) 


0.1542 


8.832 


19.33 


16.64 


03) 


0.1542 


8.919 


19.36 


16. 48 


04 ) 


0. 1542 


6. 625 


19.40 


22. 19 



[0066]As for (2) and (3), when the crystallite diameter Dhkl was 
observed, (4) of retention temperature was the largest, and it almost the 



http://www4.ipdl.inpitgo.jp/egi-bin/tran_web_cgi_eije 2008/06/1 1 



JP.2003-026423.A [DETAILED DESCRIPTION] 



12/16 s<— >J 



same. [ highest ] It was thought from these crystallite diameters having 
temperature dependence that a degree of sintering was among the 
BaTiO particles produced with this 2 process heating method. 

[0067] When the above was summarized, heat treatment in a vacuum 
showed that the amorphous sample crystallized and BaTiO whose 

crystallite diameter is about 1 7-25 nm could be generated with 2 
process heating method at the 1st process. A crystal structure is cubic 
BaTiO mostly and hexagonal BaTiO was checked very slightly. 

[0068]The above-mentioned result showed that BaTiO particles were 

%j 

producible with 2 process heating method. Then, we decided to perform 
characterization about this BaTiO^ particle further. 

[0069]Here, an experimental method is explained. Evaluation used 
RAMAN-TEM-IR-TG-DTA-BET. The valuation method and the sample 
were summarized in Table 9. The number and conditions of the sample 
were based on Table 4. The sample of the conditions (2) in Table 4, (3), 
and (4) was used. 
[0070] 
[Table 9] 







sm 




RAMAN 




(2) 


(3) (4) 


TEM 


mmmtwm 


(2) 




I R 


mm®) 


(2) 


(3) (4) 


TG-DTA 




(2) 




BET 


mmm 


(2) 





[0071] An evaluation result is explained. The Raman spectrum of (2), (3), 
and (4) is shown in drawing 7 - 9. All have checked the peak of cubic 
BaTiO and hexagonal BaTiO . The peak of hexagonal BaTiO showed 

o o o 

the tendency which becomes broadcloth, and was in agreement with the 
result of XRD, so that retention temperature was high. Also from here, it 
turned out that it is effective in removal of hexagonal BaTiO to make 

retention temperature high. 

[0072] Drawing 10 - 11 are the TEM photographs which observed the 
particles of (2). The particles believed to be hexagonal BaTiO from TEM 

observation were not discovered. 
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[0073] Signs that how many particles had lapped were observed in 
drawing 10. There is no grain boundary carried out clearly between 
grains, a crevice did not exist, either, but it was thought that it was 
condensing by quite strong power. 

[0074] Drawing 11 is the particles in the state where it distributed only 
to one particle. The lattice plane carried out clearly could be observed, 
and since the number of the directions was one, it was thought that it 
was a single crystal particle. The number of the line which shows a 
lattice plane was 41 . 

[0075]As a result of performing electron diffraction about this particle, 
the spot carried out clearly as shown in drawing 1 2 was observed. How 
for these spots to be located in a line showed that this lattice plane was 
(001) of face-centered structure. From this, it was thought that this 
lattice plane was a cubic (001). 

[00 7 6] The sample (2) was assumed to be a cubic, it asked for the 
grating constant from the peak (1 1 1) of the XRD measurement result, 
and the particle diameter of <001> of the particles of drawing 1 1 was 
calculated from a grating constant and the number of (001). The grating 
constant of (2) was 0.4031 nm. The number of the lattice plane was 41 . 
[0077] 

(Grating constant (001) (spacing)) x (the number of lattices) 
= 0.4031x41=16.53 [0078] From this, this particle was 16.5 nm. This 
particle diameter was mostly in agreement with the crystallite diameter 
of (2) of Table 8. Also from this, it was thought that this particle was a 
single crystal particle. 

[0079]The IR spectrum of (2), (3), and (4) is shown in drawing 13 - 15. 
The IR spectrum of a BaTiO particle (trade name: BT01, boundary 

chemicals company make) with a particle diameter of about 100 nm 
compounded by the commercial hydrothermal method for comparison is 
shown in drawing 16. 

[0080]As for all, the absorption peak was seen 1500— cm 1 and near 

3500-cm . This is absorption of a carbonic acid group and a hydroxyl 
group. It was thought that absorption of a carbonic acid group was based 
on surface carbonation. Absorption had few commercial particles, and by 
the sample of 2 process heating method, the peak was sharp, so that 
the retention temperature of heat treatment was low, and it was thought 
that surface area was large, so that retention temperature was low. 
[0081] When its attention was paid to absorption of a hydroxyl group, 
each sample produced with 2 process heating method was a broadcloth 
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peak. On the other hand, commercial particles are sharp peaks and this 
was considered to be because for a lattice inner-drainage acid radical to 
exist. As for a lattice inner-drainage acid radical, the position of oxygen 
and hydrogen was decided, vibration is restricted and a peak becomes 
sharp. On the other hand, a broadcloth peak is based on the water of 
adsorption, and as compared with a lattice inner-drainage acid radical, 
since it is free, in a peak, vibration serves as broadcloth. 
[0082]In comparison between the particles of 2 process heating method, 
the peak of the hydroxyl group was broadcloth, so that retention 
temperature was high. Surface area became small and this was 
considered because the water of adsorption decreased, so that 
retention temperature was high. 

[0083]TG~DTA was measured about the sample (2). From a room 
temperature to 1000 **, it heated by a part for 10 **/, and air was 
passed to the sample chamber. A measurement result is shown in 
drawing 1 7. TG curve had sudden loss in quantity near 1 00 **, it applied 
to 600 ** from 400 **, and loose loss in quantity was seen. The whole 
loss in quantity became about 5%. The result of having calculated the 
mass change before and behind measurement at the room temperature 
was summarized in Table 1 0. 



[0084] 
[Table 10] 





TG-DTAJCJcS 


wmmit 




tJQj&W Cg ) 


mm c«) 


mm (g) 


mm (%) 


0.0354 


0. 0346 


0. 008 


2 % 



[0085]The big difference was looked at by the loss in quantity (%) after 
measurement of drawing 1 7, and loss in quantity (%) of Table 10. Since 
mass change at a room temperature carried out weighing of the mass at 
the room temperature after heating, water is sticking to it on the 
surface. 

For this reason, it was thought that it increased rather than the mass in 
1000 ** of TG-DTA. 

It was thought that grain growth of the particles was carried out in the 
case of heating of TG-DTA measurement, and it was thought that the 
half grade of loss in quantity of TG-DTA was based on the water of 
adsorption. 

[0086]The surface area by BET was measured. Preliminary deaeration 
was performed at 150 ** for 2.5 hours. Nitrogen was used for adsorption 
gas. Surface area was 22.24m2/g as a result of measurement. 
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[0087] From the result of having performed characterization about 
above-mentioned BaTiO particles, the strong point of the particles 

produced with 2 process heating method was summarized to below. 
First, although hexagonal BaTiO exists, it is in the tendency which 

decreases, so that retention temperature is high, and is promising as raw 
material of a sintered compact. It is a single crystal particle. They are 
particles with small particle diameter. Since it does not go via the liquid 
phase in reaction time, there are few lattice inner-drainage acid radicals. 
Thus, it turned out that 2 process heating method is effective in good 
particle production. 

[0088]As mentioned above, this example is summarized. 2 process 
heating method of this example is the method of heat-treating at the 
inside of oxygen, and low temperature previously, and heat-treating at 
the inside of a vacuum, and an elevated temperature behind. First, it 
heat-treats in oxygen as the 1st process, and remains of C and the 
reducing atmosphere accompanying it are prevented. It is made for Ti 
and Ba to become closer arrangement, and they aimed at mixing with an 
atomic scale. It was examined whether BaTiO would be ungenerable, 

having heat-treated as the 2nd process, exhausting in a vacuum, having 

dropped CO partial pressure, and preventing generation of BaCO . 

2 3 

[0089] The experiment showed that AMORUFASU of the same 

presentation as TiO^ of equimolar and the mixture of BaCO^ generated 

in heat treatment in oxygen in the 1st process. In the 2nd process, it 
turned out that the sample which was amorphous at the 1st process 
crystallizes by heat treatment in a vacuum, and BaTiO^ whose 

crystallite diameter is about 1 7-25 nm in 2 process heating method can 
be produced. The crystal structure was cubic BaTiO mostly, although 

O 

hexagonal BaTiO was checked very slightly. 

[0090]Characterization was performed about this BaTiO particle. As a 

result, although hexagonal BaTiO existed, it is in the tendency which 

decreases, so that retention temperature is high, and it turned out that 
it is a single crystal particle promising as raw material of a sintered 
compact. Since it did not go via the liquid phase in reaction time, it 
turned out that a lattice inner-drainage acid radical has the feature that 
it is few. Thus, 2 process heating method was effective in good particle 
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production. 
[0091] 

[Effect of the Invention] This invention does so an effect which is 
indicated below. As a result of developing 2 process thermal 
decomposition method of barium oxalate titanyl, it succeeded in the 
composition with cubic structure of barium titanate particles. The 
obtained barium titanate particles checked that the particles whose 
defects the Ba/Ti ratio obtained by there being no impurity in the inside 
of particles is also about 1 , and does not have were obtained. This 
barium titanate particle is 72. It is barium titanatecera below 1000 ** 
since grain growth is rapidly carried out above 0 **. A mix and ceramics 
membrane can be obtained, this — 1 200 ** of the former — with — In 
the ceramic process calcinated in the top, energy can be saved and a 
device can be miniaturized. Also from such a viewpoint, this barium 
titanate particle is a future. It is promising as a raw material of a 
multilayer ceramic capacitor or an electron device. 



[Translation done.] 
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